On the basis of the theory discussed in the preceding parts of this series, a method has been devised for determining the temperature coefficient and hence the activation energy of the process responsible for starting the chains in the thermal reaction between hydrogen and oxygen. The results are consistent with the view that the production of hydrogen atoms (in bimolecular collisions between hydrogen and other molecules present) is the principal chain initiating reaction at temperatures above 560° C in vessels coated with alkali chlorides.
I n t r o d u c t io n
The reaction mechanism suggested in P arts I and I I (Willbourn & Hinshelwood 1945) as the most probable for the combination of hydrogen and oxygen above 560° C leads to the following expression for the rate of formation of w ater in the steady state:
This may be w ritten in the form: 2f1R*, where f x is the rate of chain initiation and I?* is a quantity calculable from data concerning the third explosion limit only, w ithout reference to experimental measurements of the rates of reaction below this limit. The quantity f x is, of course, a function both of the concentrations of t reacting gases and of the tem perature.
In P art II from the influence of the concentrations of hydrogen and oxygen on the rates of reaction a t a constant tem perature the probable form o f /x was determined. This accorded best with the assumption th a t the dissociation of hydrogen molecules in the gas phase is the principal m ethod of chain initiation under the conditions employed (potassium chloride-coated vessel: tem perature > 560° C).
The object of the present work was to determine the tem perature dependence of the function f v Rates of reaction for mixtures containing fixed concentrations of the reacting gases have been measured a t a series of different tem peratures, the values of R* for the same mixtures and a t corresponding tem peratures being ca culated from the appropriate third explosion limit data. By division a series of values of f x are obtained from which an activation energy m ay be calculated. The results are found to be in reasonably good agreement w ith the conclusion th a t the reaction: H 2 + M-> 2H + M (where M is any molecule present) is principally respon sible for initiating the chains a t tem peratures between 560 and 600° C.
T h e o r e t ic a l c o n s i d e r a t i o n s
According to theory, assuming th a t the initiating mechanism consists in the gasphase dissociation of hydrogen molecules, the rate of reaction, r (expressed in mm. of Hg per minute), is given by the expression
where k0 is the velocity constant for the initiating reaction and B is merely a factor for the conversion of units. Now k0 = const. e~Eo lRT,where E0 is the activation energy of th process; Z Ha (the collision num ber at unit concentration for the collision of hydrogen molecules with one another) is proportional to the square root of the absolute tem perature, and, since the gas m ixture is of the same composition and to tal con centration throughout, the q uantity in brackets will not vary with tem perature. I t is thus possible to write
Eq can thus be determined from the slope of a linear plot of the function In against the reciprocal of the absolute tem perature.
E x p e r i m e n t a l m e t h o d s
The apparatus was similar to th a t used by W illboum & Hinshelwood, although a somewhat larger silica reaction vessel was employed (9 cm. long, 6*9 cm. in diameter). In the first series of experiments the walls of the vessel were thickly coated with potassium chloride; in the second series caesium chloride was used.
Calculation of the function B*
The experimental determination of the third explosion limit a t tem peratures where the rate of reaction is measurable over an appreciable range of concentrations is a m atter of some difficulty. The values of the third explosion limit constants have therefore been determined by experiment a t a series of somewhat higher tem per atures and then extrapolated; the use of a fairly large reaction vessel, however, reduced the tem perature range over which this extrapolation needed to be made.
The theory of the variation of the third explosion limit with tem perature has already been discussed (in P art I) by Willbourn & Hinshelwood, who carried out preliminary measurements with a gas mixture of single composition.
In the present work, complete curves connecting the third explosion-limit pressure (as defined in P art I) with the composition of the gases were obtained at different tem peratures and these are shown in figures 1 (a)f and 1 (6) together with the corre sponding calculated curves. In the com paratively narrow tem perature range over which measurements could be made, the results were found to be in good agreement with the theory. The constant K 2i was taken as 150 a t 585° and the corresponding activation energy as 24*6 kcal. The provisional results of W illbourn & Hinshelwood for the tem perature variation of the constant C are now superseded by improved values, which give C oc T 1'6 e+ib,ooo/RT (a) Third explosion lim it (potassium chloride-coated vessel).
A . Curve calculated according to equation:
A '. Experim ental curve at 585° C.
B . Curve calculated according to eq u a tio n :
B '. Experim ental curve at 580° C.
C. Curve calculated according to eq u a tio n :
O'. Experim ental curve at 575° C.
D. Curve calculated according to eq u ation :
D '. Experim ental curve a t 572-5° C.
[ Experim ental curve at 598° C.
f The reaction vessel was recoated w ith potassium chloride before th e m easurem ents on the rates o f reaction were m ade; after this had been done, it was found th a t th e chainbreaking efficiency o f the w alls had decreased slightly so th a t th e third explosion lim it w as depressed som ew hat below th e value correspm ding to figure 1 (a) The substitution of caesium chloride for potassium chloride causes a considerable elevation of the third explosion limit, on account presum ably of the greater chain breaking efficiency of the former salt; this is shown by an increase in the value of the constant C.
Owing to the ease with which the gases inflamed on mixing a t the tem peratures employed with caesium chloride, only relatively small portions of the third explosion limit curves could be obtained with this salt.
Measurement of the rates of reaction
The rates of reaction were measured for gas m ixtures containing various definite pressures of hydrogen and oxygen over a range of nearly 20° C in presence of both potassium chloride and caesium chloride. In a constant-volume system, concentra tions cannot be expressed as partial pressures except a t a given tem perature. Since R* was to be calculated for mixtures containing fixed concentrations of the reacting gases, a small correction was applied to the observed rates to allow for this difference. The corrected rates (r') are shown in table 1 together w ith the correspon lated values of the function R*. I t will be seen th a t the greater chain-breaking efficiency of caesium chloride (as compared with potassium chloride) manifests itself again here in the depressing effect on the rates of reaction.
D i s c u s s i o n o f r e s u l t s
From the inset tables in figures 2 (a) and 2(b), in which log is plotted against 1000/ T ,it will be seen th a t the mean values of E0 are approxim ately 110 and 92 kcal. for the results obtained with the potassium chloride-and caesium chloridecoated vessels respectively. The slopes were determined by the m ethod of least squares. H aving regard to the small tem perature range over which measurements could be made, these results m ay be considered to be in good agreement w ith the conclusion th a t the reaction H 2 + M -> 2H + iff is responsible for starting the chains a t the tem peratures employed; th e heat of reaction of the latter process (which will not differ appreciably from the activation energy) is 101 kcal.
I t was on account of the great im portance of the qu an tity E 0 th a t the original determ ination w ith the potassium chloride-coated vessel was followed by a similar investigation with a caesium chloride-coated vessel, which, it was hoped, would give a more accurate value for this activation energy. The latter salt appears to be even more efficient than potassium chloride in destroying H 0 2 radicals. The condition th a t the chain-breaking efficiency of the walls approxim ates to unity is, therefore, more closely satisfied in presence of caesium chloride. U nder these conditions, the assumption made in the derivation of the third explosion lim it equation is more nearly justified. From purely theoretical considerations, therefore, the value of E0 as determined in a caesium chloride-coated vessel should be the more reliable. In fact, however, the behaviour of the gases was somewhat erratic when the la tter salt was used, and the experim ental results were decidedly less reproducible th an w ith potassium chloride. This is possibly due to th e fact th a t caesium chloride m ay repossess the greater vapour pressure a t the tem peratures employed, which would 105 Figure increase the extent to which the salt distils over the vessel surface, altering the structure and also presum ably the chain-breaking efficiency. From the experim ental point of view, therefore, the value of E0 as determ ined in a potassium chloridecoated vessel m ust be regarded as th e more reliable.
In conclusion, however, it m ay be said th a t the results give general support to th e conclusion already reached from th e dependence of the function on the con centrations of the reacting gases, namely, th a t the gas phase dissociation of hydrogen molecules is the principal m ethod of chain initiation under the conditions employed. 
(Received 28 August 1945)
Previous work on the hydrogen-oxygen combination in vessels coated with alkali halides showed that with the iodides the temperature dependence of the reaction rate is abnormal. In iodide-coated vessels the whole mechanism of the reaction is now shown to be different: the greatly reduced rate is independent of [H2], proportional to o-ffe[02] and independent of added nitrogen, all in sharp contrast with what is found in chloride-coated vessels. The normal reaction is thought to be completely suppressed by minute amounts of iodine liber ated into the gas phase, a residual surface reaction being measured. The chemical actions which must be assumed to occur between the iodide and the gases provide indirect evidence for the probable mode of operation of the other halide salts in controlling the hydrogenoxygen combination.
I n t r o d u c t io n
In P a rt I I I (Willbourn & Hinshelwood 1945) it was shown th a t the tem perature dependence of the hydrogen-oxygen reaction between the second and third explosion limits is much smaller in vessels coated with potassium or caesium iodide than in similar vessels coated with the chlorides. I t has now been shown th a t in iodidecoated vessels the whole nature of the reaction is radically altered. From the investigation of this abnormal reaction inferences may be drawn about the probable mode of action of the alkali halides in general.
